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THERMODYNAMIC CHARACTERISTICS OF THE HO2 RADICAL IN AN AQUEOUS

SOLUTION

V.M. Berdnikov, O.S. Zhuraleva

The thermodynamic characteristics of the hydration and /26580
dissociation of HO2 were determined.

It was shown in [11 that the formation of radicals in the
-3+system Fe + H2 02 occurs by the mechanism

k, k, k3Fe3++ 11202 - Fe3 +H20 2  FeIHO - Fe-+ + HO.
k-1 k-3

Moreover the first two phases can be calculated by the equilibria /2659

ki k2
kefrr -T k3.

kg k-_

-The rate 5 -1The rate constant kf f = 2.10 sec at 250 C and at neutral ionic
strength. In [2] it was found that the rate constant of the
reaction Fe2+ + HO2 is equal to 2.1.10 6/mol.sec at 250 C and does
not depend on the acidity of the medium, and the initial product
of the reaction is the complex Fe3+ + HO2 . This indicates that
the limiting phase here is the replacement of water in the
coordination shell of the Fe2+ ion. Thus the ratio can be
written

ki k2  k k. k
Ke, = ttl = e-Zoinre k- k_ k -k k_ 3

where Kp is the equilibrium constant of the reaction

Fe+ + I202 Fc2 + +I02z.

*Numbers in the margin indicate pagination in the foreign text.
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We find K = 9.5'10- 12 and AZ = 15.1 kcal.

Knowing the standard redox potential of Fe3+/Fe
2+ (0.771 in

[31), we find the standard free energy AZo = - 32.9 kcal for the

reaction

/ 2Hz + II%.(aq) I202 (aq). (1)

Since AZo = (diss. H2 02) = 15.9 kcal [4], for the reaction

'/ 2 H 2 + H02 (aq) - HOz- + H+ (2)

we obtain AZ o = -17 kcal. The most probable values of the

standard free energy of formation and hydration of H 2 02 are

equal to -25.2 and -6.7 kcal [4, 5] respectively.

From this we get

'/ 2H 2 + 02 (9) -+ HO2 (aq) (AZo.= 1 keal), (3)

:'/21z + 0 2 (aq) -- HO 2 (aq) (AZo = -3 ktaQ, (4)

since AZhydr 2 = 4 kcal [6]. Using known values for the

standard entropies of H2 , H02 and H202 (31.2; 55.17, and 55.66

E.U. respectively [7]), the entropies of hydration of H02 and

H202 (-22 and -24.8 E.U. [4,8,9]) and the entropy of acid

dissociation of H2 02 (-25.8 E.U. [4]), we find the AHo and ASo

for reactions (1) and (2).

We now calculate the ASO for the acid dissociation of H02.

From the entropic cycle
21,2 -o

HO2(0) -. H + O H - + O

-31+AS

2.2 hydr:0 2

2
HO.- Sais HO, (11 + 0 ) (aq)



we find AShydr02- -ASdissH02 = - 12.2 E.U. The entropies of

hydration of polyatomic ions monatomically increase in proportion

to the decrease of the radius of the ion in solution [10, 11]:

ANION OH- CN- N03- C104-
AShydr -40.6 -19.9 -19.5 -16.3

Radius of ion

in solution A 1.53 1.89 1.92 2.36

It is reasonable to assume that the radius of the 02- ion-

radical in solution is intermediate between the radii of CN- and

N0 3 -. This indicates that the most probably value for the

entropy of hydration of 02- is equal to the mean value (-19.7

E.U.) of the entropies of hydration for these anions. We then

obtain -7.5 E.U. for the most probable value of AS . ThedissHO2
free energy of dissociation of HO 2 is equal to 6.65 kcal (pKH02 =
4.88 [11]). For the enthalpy of dissociation we get AH= 4.4 kcal.

As a result we find the values for standard entropies and

enthalpies of reactions (5) and (6) (see the Table). With the aid

of the cycle

52,1 EH-OH

1O1) +'/ 2Hz --- HO2 + H 120

-. Hhdr HO.. I-13
HO2(aq) '/2112 (HI-02) (aq)

we find EH-02H-HhydrHO 2 = 76.3 kcal. /266

A N.,, A Zo,,k IAS V

Nu'm Ber
"  

'Reaction kcal - AS, .U. Z, a Eo

1 '/2H2+ HO2 (aq) -'iH 202 (aq) -37,9 -16,9 -32,9 1,43
2 1/211 + H02 (aq) -- H02- 11 H+ -29,7 -42,7 -17,0 0,74
3 1/2H2 + 02 (9) -- H02 (aq) -8,4 -31,4 1,0 -0,04
4 I/2H2 + 02 (aq) -H02(aq) -5,4 -8,2 -3,0 0,13
5 1/2H2 + 02 (g) -- 02- 7- H+ -- 4,0 -38,9 7,7 -0,33
6 1/2H2 + 02 '(aq) -02- + H+ -1,0 -15,7 3,7 -0,16
7 H0 2 (g) - 10 2 (aq) -12,4 -22,0 -5,8 -
8 02 (g)- 02-(aq) -84,0 -19,7 -78,0
9 - HO H0 1+ + 02- l. 4,4 -7,5 6,65
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Assuming EH-02H = 88.6 kcal [12], we get AHhydrH02 = -12.4

kcal. According to [12] the energy error for the breaking of OH

bonds in peroxide amounts to + 2 kcal. But if EH-02H is in fact

equal to 90.6 kcal, then for AHhydrHO 2 we would get 14.3 kcal.

This is why a greater heat of hydration for peroxide is not very

likely. When EH-02H = 86.6 kcal, the value becomes HhydrH02
10.3 kcal, which is approximately equal to the heat of evaporation

of water and also scarcely probable. The most reasonable hypo-

thesis is that the heat of hydration of H02 falls between the heat

of evaporation of water and the heat of hydration of peroxide.

The value we found meets this condition. Obviously, EH-0 2H =
86.6 kcal is more exact, but the error for the values of EH-0 2H

and AHhydrH0 2 did not exceed 1 kcal. Using AShydrH0 2 = -22 E.U.

we find that AZhydrH02 = - 5.8 kcal. By means of the cycle

41, as29s] +
HOa (g) .H + 02 9 H + O

+5.8 -256+AZ hydr C [13]

HO2 (aq) -665 (H+- O (aq)

it is possible to obtain a sufficiently accurate value for the

free energy of hydration of 02-, which is equal to -78 kcal, from

which we find AHhydr02- = -84 kcal.

As the next procedure, we conducted additional verification

of the values found. According to [14], the ratio (kFe3+ +02-
kdissH0 2 )/kFe2+ = HO2 = 7-10 - 3 mol/l at 250C, and the energy of

activation for this ratio is equal to 1.2-4 kcal. We have kFe 3+

+02 = l.l1109 /mol*'sec. ,Since the limiting phase of the reaction

Fe2+ +H02 is the replacement of water in the hydrated shell of

the Fe2+ ion, the energy of activation EFe 2+ +H02 must be close

to the energy of activation for replacement, i.e., 8.3 kcal [15].

Using AHdissH02 = 4.4 kcal, we arrive at the result
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EFe3+ 02- = 5.1-7.9 kcal. Assuming EFe 3+ 02- to be = 6.5 kcal, we
obtain kFe3+ 02- = 1014e - 6 5 0 0 RT . However, taking account of a

considerable positive input into the energy of activation, which

corresponds to the reaction between inversely charged molecules

(in the given case from three to six orders of pre-exponential

magnitude), we must recognize the value found of the energy of
activation as completely reasonable In [8] the value ASdissH02
-27 E.U. was used, giving AH dissH=-1.4 kcal and EFe3+ + 02- =

10.9 - 13.7 kcal, which signifies an abnormally high value for the
pre-exponential factor and is, obviously, unreliable.

According to [16], the rate constant for the reaction Cu2+

02- is equal to 2.109 1/mol.sec at 250C. According to our data,
we find AH = 2.7 kcal for this reaction, which allows a possibil-

ity of a low energy of activation for it. For example, if the
energy of activation of the reverse reaction is 2 kcal, then,
for the reaction under consideration, we-obtain Eact 5 kcal,
which gives kCu2+ + 02- = 1013e-5000/RT. Because of reasons

analogous to that shown above for the reaction Fe3+ + 02-, the
value of the pre-exponential factor is also reliable here. But
if the data in [8] is used, then for this reaction we obtain AH=
8.5 kcal and Eact 10.5 kcal, which, obviously, is not very
likely for so rapid a reaction. The results of the calculation
of the thermodynamic characteristics of HO2 in an aqueous
solution are presented in the table. The error for the values of
Eo , which correspond to reactions (1) - (6), apparently does not
exceed 0.01 V. The error for the values of AHo and ASo,
evidently, does not exceed 1 kcal and 3-4 E.U., respectively.
Approximately, then, this is the accuracy of the values
corresponding to reactions (7) - '(9).
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